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ABSTRACT 
The Middle-Upper Eocene succession of the northern plateau of the Bahariya Oasis, Western Desert is 
represented by two main stratigraphic units: the Qazzun Formation at the base overlain by the Hamra Formation. 
Field observation and petrographic studies of the lithology, bioclastic components and composition of foraminiferal 
assemblage lead to identify six facies types. These facies are attributed to gentle dipping inner to middle carbonate 
ramp. The laminated dolomudstone facies was deposited in a tidal flat to restricted marine environment. The 
nummulitic dasycladian bioclastic floatstone facies and sandy nummulitic bioclastic floatstone facies were 
deposited in a lagoon environment. The nummulitic rudstone facies was accumulated in a ramp crest environment. 
Bioclastic nummulitic floatstone facies was deposited in a proximal middle ramp. The bioclastic nummulitic 
floatstone/rudstone facies was deposited in a distal mid-ramp environment. 
Keywords: Middle Eocene, Qazzun Formation, carbonate facies, depositional environments, Bahariya Oasis. 
INTRODUCTION 
The Eocene carbonates are prevalent in many places along Tethyan, Middle East and Indian 
subcontinent. Through the North Africa, different ramp systems accumulate and form hydrocarbon 
targets in Egypt, Libya, Tunisia, Italy, and Oman (Racey, 2001). The well-exposed Middle-Upper 
Eocene succession along the northern plateau of the Bahariya Oasis is subdivided into the Naqb, Qazzun 
and Hamra formations (Fig. 1). These deposits are economically important since they host ironstone 
occurrences in  El Gedida, Ghorabi and El Harra areas (e.g., El Shazly, 1962; El Akkad and Issawi, 1963; 
Said and Issawi, 1964; Basta and Amer, 1969; Dabous, 2002; Salama et al., 2012, 2013, 2014; Baioumy 
et al., 2014; Afify et al. 2015a, b). Early works on the Eocene succession were focused on the general 
stratigraphy (e.g., Said, 1962; El Akkad and Issawi, 1963; Said and Issawi, 1964; El Bassyony, 1970; 
Issawi, 1972; Dominik, 1985). The biostratigraphy have been studied by several authors (e.g., Strougo et 
al., 2007; Adnet et al., 2011; Boukhary et al., 2011; Afify et al., 2016).  
The previous studies have not present detailed facies analysis, depositional and paleoenvironmental 
model of deposition of the Middle Eocene Qazzun Formation (Fm) of the Bahariya Oasis. The present 
study aims to (1) describe and interpret the Middle Eocene strata of the Qazzun Fm throughout 
integrating field and petrographic analysis of the northern plateau of the Bahariya Oasis and (2) construct 
a depositional model of the studied succession. 
GEOLOGIC SETTING 
The Bahariya Oasis is located at the tectonically stable-unstable shelf boundary (Said, 1962; Khalifa 
et al., 2002; Moustafa et al., 2003). It is one of the main structural highs of the Syrian Arc Fold System 
in the Western Desert (Shukri, 1954). It is formed of two major anticlines: Ghorabi anticline to the 
northeast and Khoman anticline at the most southwest. They fall on the same axis trend NE-SW (El 
Bassyony, 1970). Said and Issawi (1964) divided the Eocene rocks in the Bahariya Oasis into three 
formational rock units, from base to top as Naqb Fm, Qazzun Fm and Hamra Fm, respectively (Fig. 2). 
The Naqb Fm overlies the Lower Cenomanian Bahariya Fm with angular unconformity and conformably 
underlies the Qazzun Fm. The lower part of the formation adopts a steep face forming the top part of the 
northern scarp. Lithologically, the Naqb Fm is represented by limestone beds with few siliceous, 
dolomitic, and clayey interbeds, which was deposited in a shallow oscillating sea. 
 





Fig. 1. Geologic map of the Northern Bahariya Plateau showing the studied sections (modified after Conoco, 1986). 
The Qazzun Fm conformably overlies the Naqb Fm. It is composed of chalky limestone in the north, 
siliceous and dolomitic in the south. The Qazzun Fm is more nummulitic than the Naqb Fm. The upper 
concretionary limestone layers of the formation are characterized by weathering into ball-like concretions 
of very hard siliceous dolomitic limestone. The spherical shape of the concretionary bodies may indicate 
that they are a primary feature that deposited in agitated sea bottom. The younger beds appear northward 
due to the general dipping to the north. The faunal assemblage assigns the Qazzun Fm to the late Middle 
Eocene (Said and Issawi, 1964). The Qazzun Fm was deposited at relatively shallow sea where shoreline 
to lagoon environments with shell bands were developed (Salem, 1973). The Qazzun Fm depositional 
environment was suggested as a carbonate bank in shallow neritic zone (Lotfy, 1988). Ismail et al. 
(1989) presented a petrographic study of the Qazzun Fm and they mentioned that this formation contains 
Nummulites, Operculina, and other foraminiferal grains in association with bryozoans and echinoderms 
and occasionally including fine rhombic to euhedral dolomite. This composition indicates that the 
formation was deposited in a low energy, shallow water conditions. 
The Hamra Fm occurs as patchy hillocks scattered north of the Qazzun plateau. It has a distinctive 
colour from the underlying Qazzun Fm and the overlying Radwan Fm (Said and Issawi, 1964). It is made 
up of limestone beds commonly intercalated upwards with sandstones.  
MATERIALS AND METHODS 
The studied Middle Eocene Qazzun succession crops out north of the Bahariya Oasis. Detailed field 
investigation was carried out in two main outcrops (Fig. 1); at north of El Bahr Depression (28° 38` N – 
29° 03` E) and at El Qara El Hamra (28° 37` N – 29° 09` E). The stratigraphic logs allow analysis of 
thickness, bed geometry and facies architecture reconstruction. Detailed stratigraphic logs of the studied 
sections with interpreted depositional environments are shown in Figure (3). 
Sedimentological data include colour, lithology, bed contacts, texture, primary sedimentary structures, 
and fossils contents. Thirty-five standard thin sections of the collected samples were made to determine 
the petrographic, diagenetic features and associated fauna that permit the microfacies and facies 
association construction. A solution of Alizarin Red S was used to stain half of each thin section to 




























Fig. 3. Correlation chart based on the two logged stratigraphic sections, showing the distribution of the  
lithofacies and sedimentological characteristics of the Qazzun Formation. 
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FACIES ANALYSIS AND DEPOSITIONAL ENVIRONMENTS 
Six carbonate facies types of the Middle Eocene Qazzun Fm have been identified based on fieldwork 
and petrographic analysis. These facies are numbered from proximal to distal positions with distinctive 
microfacies. The carbonate facies were classified according to the textural classification of Dunham 
(1962), as modified by Embry and Klovan (1971). The equivalent environments of the identified 
microfacies types were determined following Wilson (1975) and Flügel (2010). 
The recognized facies are: laminated dolomitized mudstone facies (F1), nummulitic dasycladian 
bioclastic floatstone facies (F2), bioclastic nummulitic floatstone facies (F3), nummulitic rudstone facies 
(F4), bioclastic nummulitic rudstone facies (F5), and bioclastic nummulitic floatstone/rudstone facies 
(F6). The sedimentological characteristics and a brief interpretation of the depositional environments of 
the defined facies are summarized in Table (1). 
1. Laminated Dolomitized Mudstone Facies (F1) 
1.1. Description:  
Rocks of this facies are buff to grayish brown in colour; characterized by lamination (Fig. 4A). The 
bed thickness ranges from 30 to 50 cm. This facies overlies the bioclastic nummulitic floatstone facies 
(F3) and is capped by the nummulitic dasycladian bioclastic floatstone facies (F2; Fig. 4B). This facies 
consists of very fine to medium crystalline idiotopic dolomite and microcrystalline calcite. This facies 
comprises traces of bioclasts mainly miliolids, benthic foraminifera, ghosts of gastropods and phosphatic 
fragments (Fig. 4C). An open mosaic of dolomite rhombs gives rise to an intercrystalline porosity. 
1.2. Interpretation:  
The faunal content of this facies suggests restricted marine conditions. The abundance of micrite in 
the mudstone indicates deposition under low-energy conditions. The traces of gastropods and 
foraminifera, and the lamination suggest deposition on inner ramp, intertidal to supratidal environment. 
Phosphate fragments are often associated with nutrient rich areas, which considered suitable for feeding 
of echinoderms and molluscs (Alhnaish, 2006). Diagenetic overprint probably reflects originally 
restricted shallow water lagoon and/or peritidal deposits (Miloud, 2007). The laminated dolomitized 
mudstone facies is equivalent to (SMF19) of Wilson (1975), which could correspond to facies (RMF22) 
of Flügel (2010).  
2. Nummulitic Dasycladian Bioclastic Floatstone Facies (F2) 
2.1. Description:  
This facies occurs mostly in the upper part of the Qazzun Fm as sharp-based sheet-like geometry of 
floatstone texture. Bed thicknesses are of a decimeter scale. This facies is dominated by dasycladian 
calcareous algae fragments, large to small Nummulites, in addition to complete and fragmented molluscs. 
These bioclastic grains are floating in a matrix of mud and poorly sorted, very fine to medium-grained 
fragments of echinoderm spines, bryozoans, serpulids, ostracods and carbonate interclasts (Fig. 4D and 
F). Other fossils include small benthic foraminifera, miliolids and rare planktonic foraminifera. This 
facies contains a decimeter scale concretions. In thin section, these concretions show increasing 
abundances of dasycladian algae, miliolids, nummulithoclasts and intraclasts comparing to the host rock 
(Fig. 4E). The Nummulites are flat to sub-rounded ―A-form‖ according to Racey (2001), with no 
preferred orientation. Nummulites tests are partially filled with silica (Fig. 4F) and sometimes replaced by 
blocky calcite. The matrix is partially replaced by fine dolomite crystals. 
2.2. Interpretation:  
This facies was deposited in inner ramp, lagoon environment. The dasyclades also grow in depths 
reach 5-6 m below the low tide and sometimes reach 10-12 m (Johnson, 1961; Wray, 1977; Badve and 
Kundal, 1998; Kundal and Humane, 2007). The abundance of dasyclades are strongly dependent on light 
and recorded from the bottom of photic conditions and deposited in open inner ramp environment. This 
facies could be corresponds to facies (RMF13) of Flügel (2010). Also, miliolids occur in the inner ramp 
at depth ranges from 6 to 10 m (Cushman et al., 1954). The associated fauna including molluscan 
fragments, bryozoans and echinoderms, which may indicate deposition in warm water back bank lagoon 
(Alhnaish, 2006; Humane et al., 2010). The nummulitic dasycladian bioclastic floatstone facies belongs 
to facies belt 7and 8, and consequently could correspond to facies (SMF18) of Wilson (1975). 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 4. (A) Field photograph showing lamination of the (F1) facies, (B) Field photograph showing (F1) overlying 
(F3) and underlying (F2) facies. (C) Photomicrograph showing the idiotopic dolomite crystals with relics of gastro-
pod shell (G) in (F1) facies (PPL), (D) Photomicrograph showing nummulithoclastics (Ns), Nummulites (N), 
dasyclades (Ds), echinoderms (E), bryozoans (Br) and intraclast (Int) in (F2) facies (PPL), (E) Field photograph 
showing the dolomitized concretions in the (F2) facies, (F) Photomicrograph showing nummulithoclastics (Ns), 
dasyclades (Ds), miliolids (M) and silica replacement in the (F2) facies (XPL), (G) Photomicrograph showing 
Nummulites (N), dasyclades (Ds), echinoderms (E), bryozoans (Br) miliolids (M) and gastropods (G) in the (F3) 
facies (PPL), (H) Photomicrograph showing silica replacement of molluscs (white arrows) in the (F3) facies (XPL). 
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3. Bioclastic Nummulitic Floatstone Facies (F3) 
3.1. Description:  
This facies occurs in the field as hard and massive gray limestone. It is composed of Nummulites tests, 
gastropods, bryozoans, oysters and other bivalves, and echinoderm spines. Other recorded fossils include 
planktonic foraminifera, miliolids, ostracods and calcareous algae fragments. Fragments of serpulids and 
phosphates are also recorded (Fig. 4G). The fossils are floating in a matrix of microcrystalline calcite. 
The Nummulites are very coarse robust to small. Few of them are fractured and filled with silica. Some of 
the molluscan shells, echinoderm plates and other fossil fragment molds are partially to completely 
replaced by silica (Fig. 4H). Silica fills pores within the Nummulites tests, whereas other fossils are 
coated by bladed calcite crystals. The bivalve shells are replaced by a neomorphic blocky calcite and the 
molluscan shells are infilled with micrite. Porosity represents about 5% of this facies. The recorded pore 
types in this facies are intergranular, intragranular and biomoldic types. 
3.2. Interpretation:  
This bioclastic nummulitic floatstone facies was deposited in the inner ramp lagoon setting. The 
Nummulites tests size, and its sorting, and the amount of mud altogether are indicative of a low energy 
back bank environment. Lacking of sedimentary structure with the higher amount of micrite suggest low 
energy environment (Mehr and Adabi, 2013). The presences of molluscs, robust Nummulites forms and 
miliolids are indicative for relative proximity of more restricted conditions in the lagoon setting (Serra-
Kiel and Reguant, 1984; Moody, 1987; Racey, 2001; Jorry et al., 2006). This facies exists in restricted, 
low-energy inner ramp environment and could be equivalent to facies (RMF7) of Flügel (2010). 
4. Nummulitic Rudstone Facies (F4) 
4.1. Description:  
The nummulitic rudstone facies represents about 65% of the Qazzun Fm at El Bahr section. This 
facies is represented by white to buff chalky limestone. It consists mainly of medium to coarse, robust to 
flat, and compacted Nummulites tests (Fig. 5A), in addition to other benthic and planktonic foraminifera. 
Nummulithoclasts, echinoderm spines and phosphatic bone fragments are recorded. The bioclasts are 
embedded in argillaceous micrite matrix, which is occasionally replaced by fine-crystalline dolomite and 
blocky calcite. Some of the Nummulites are completely dissolved and replaced by diagenetic blocky 
calcite cement (Fig. 5B). The internal fabric of some of these Nummulites and the matrix occasionally 
show partial dolomitization. The nummulitic rudstone facies was affected by pressure where broken 
Nummulites tests and fractures are noticed. Dissolution cavities are filled with gypsum and anhydrite. 
Porosity is dominantly intergranular, intragranular and moldic. 
4.2. Interpretation:  
The nummulitic rudstone facies represents the ramp crest. The grain-supported texture of the 
nummulitic rudstone indicates a moderate to high-energy ramp crest environment. The abundance of 
large, robust to flat forms and lenticular Nummulites indicates deposition in a shallow water condition. 
Moderate to high energy environment is suggested due to the presence of nummulithoclasts and calcite 
cement. The preservation of fauna such as Nummulites and echinoderms reflect normal marine conditions 
during deposition. Flügel (2010) reported the accumulation of rudstone that composed of few dominant 
skeletal grains in carbonate bank facies type (RMF27). The nummulitic rudstone facies is located in 
facies zone 6 according to standard facies types of Wilson (1975). 
5. Bioclastic Nummulitic Rudstone Facies (F5) 
5.1. Description:  
The bioclastic nummulitic rudstone facies is recorded as reddish white fractured limestone (Fig. 5C). 
It is mainly formed of Nummulites tests, miliolids, few Operculina, echinoderm spines and plates, 
oysters, and other bivalve shell fragments. There are also low proportions of scattered gastropods and 
serpulids (Fig. 5D). These components are embedded in fine matrix, replaced by dolomite and blocky 
calcite. The foraminiferal tests are replaced by coarse-grained calcite. The Nummulites tests are large and 
flat shape, and partially replaced by dolomite. 
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5.2. Interpretation:  
The bioclastic nummulitic rudstone facies is interpreted as have been deposited in a proximal middle 
ramp setting based on the existence of flat Nummulites and rare Operculina. This facies shows low wave 
reworking in general, but there is extensive reworking in some places, and may be predated by associated 
bioeroders such as echinoids (Beavington-Penney, 2004).  
 
 
Fig. 5. (A) Photomicrograph showing Nummulites (N) and echinoderms (E) in (F4) facies (PPL), (B) Photo-
micrograph showing the blocky calcite replacement, partial dolomitization (arrow) and biomoldic porosity (Mp) in 
(F4) facies (PPL), (C) Field photograph showing (F5) facies, (D) Photomicrograph showing Nummulites (N), 
Operculina (O) and echinoderms (E) in (F5) facies (PPL), (E) Field photograph showing (F6) facies, (F) Photo-
micrograph showing Nummulites (N), Assilina (As) and echinoderms (E) in (F6) facies (PPL). 
 
Assal et al. 
144 
 
6. Bioclastic Nummulitic Floatstone/Rudstone Facies (F6) 
6.1. Description:  
This facies is represented by white, hard massive limestone, sometimes siliceous (Fig. 5E). There are 
no discernible sedimentary structures. The fossil content is dominated by Nummulites tests, Operculina, 
Assilina and other benthic foraminifera. The Nummulites tests are large, coarse, and flat (Fig. 5F). Other 
encountered fossils include echinoderm spines and plates, bryozoans, oyster and other bivalve shell 
fragments. These components are embedded in micritic matrix, which is partially replaced by fine 
crystalline dolomite and blocky calcite. The foraminiferal tests are replaced by coarse-grained calcite. 
The dolomitization process starts corroding the Nummulites tests.  
6.2. Interpretation:  
The size, nature and sorting of the Nummulites tests, in addition to the mud amount, all indicate 
deposition in low-energy environment. The absence of sedimentary structures and dominance of micrite 
matrix also suggest low-energy environment in a distal middle ramp setting. The flourishing of flat 
Nummulites in association with Operculina and Assilina tend to be found in the deep water facies in the 
fore bank (Mehr and Adabi, 2013). This facies generally reflects low-wave reworking (Beavington-
Penney, 2004). 
DISCUSSION 
The Qazzun Fm deposited as a carbonate homoclinal ramp as indicated by the absence of slope 
deposits. Six carbonate facies types are recorded in the studied sections and grouped into two facies belts 
(inner ramp to middle ramp) showing different sub-environments (Fig. 6). The shape, size and sorting of 
the Nummulites tests asserts the determination of their depositional environments. The model represents 
the lateral distribution and extent of facies types and summarizes the occurrence of characteristic 
constituents (Fig. 6).  
The Qazzun sequence is located above the discontinuity that developed through regressive event at 
the end of the Ypresian. The regressive interval of the sequence is marked by the overall progradation of 
inner-middle ramp. The lower part of the succession shows a gradual shallowing-upward trend, from 
muddy, low-energy subtidal bioclastic nummulitic floatstone/rudstone facies (F6) to the grain-supported 
facies of bioclastic nummulitic rudstone (F5). Shallowing-upward trends developed in these areas with 
high-energy conditions and high potential for carbonate accumulation dominated by grain-supported 
facies, and fill available accommodation space and shallow-up to sea-level. 
The inner ramp carbonate facies belt is subdivided into ramp-crest shoal, low-energy lagoonal and 
tidal flat environments. The basal part of inner ramp facies belt is dominated by the nummulitic rudstone 
facies (F4). The accumulation of large, robust and lenticular Nummulites tests and the presence of 
nummulithoclasts indicate high-energy, progradational ramp crest. The ramp-crest shoal deposits give 
way to lagoonal and tidal flat sediments at the uppermost part of the succession. The shallowing-upward 
trend is indicated by the gradual vertical transition from the mud-supported lagoonal bioclastic 
nummulitic floatstone facies (F3) and the nummulitic dasycladian bioclastic floatstone facies (F2) to the 
tidal flat dolomitized mudstone facies (F1).  
CONCLUSION 
Deposition of the Qazzun Fm took place on a gentle dipping homoclinal ramp. Six facies are recorded 
from inner ramp to middle ramp. The Nummulites occurrence plays an important role in defining the 
bathymetry and the depositional interfaces according its shape and size. The laminated dolomitized 
mudstone facies deposited in a tidal flat during restricted and low energy conditions. Deposition of 
bioclastic nummulitic floatstone facies and nummulitic dasycladian bioclastic floatstone facies took place 
in a lagoonal setting. As the depositional environment became deeper, the coarse robust Nummulites tests 
accumulated forming the ramp crest. The proximal middle ramp is characterized by a decrease in 
abundance of Operculina and Assilina. The distal middle ramp is represented by the bioclastic 
nummulitic floatstone/rudstone facies with abundance of Operculina, Assilina and flat Nummulites tests. 
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نعصر اإليىسيه األوسط ، انهضجة انشمبنية  انتبثع انسحىبت انكرثىوبتية وثيئة انترسيت نمتكىن قبزون




حمذ هللا عجذ انجىاد ووس، 
2،3
ثصمكمبل  أحمذ محمذ، 
1
هجة هللا محمذ عبدل أثىعىض، 
 1
 
 ، يصشديٍبط انجذٌذح، ديٍبطنىجٍب، كهٍخ انعهىو، جبيعخ قسى انجٍى . 1
 كهٍخ عهىو األسض، جبيعخ انًهك عجذ انعضٌض، جذح، انًًهكخ انعشثٍخ انسعىدٌخ . 2
 ، يصششجٍٍ انكىو، انًُىفٍخقسى انجٍىنىجٍب، كهٍخ انعهىو، جبيعخ . 3
 انخالصة
فً انهضجخ انشًبنٍخ نهىاحبد انجحشٌخ، انزبثع نعصش اإلٌىسٍٍ األوسظ ورنك رهذف انذساسخ نفحص يزكىٌ قبصوٌ 
نقطبعبد انًجهشٌخ انشقٍقخ نًعشفخ وا قطبعبد يزكىٌ قبصوٌ وفحص انعٍُبديٍ خالل انذساسبد انحقهٍخ ن  ،انصحشاء انغشثٍخ
رج رشسٍجً نشصٍف كشثىَبرً ثعذ انزشسٍت واسزُزبج ثٍئبد انزشسٍت ثهذف انىصىل نًُىانصخشٌخ ورغٍشاد يب بدانسحُ
 اإلٌىسٍٍ األوسظ. عصش عهً انهضجخ انشًبنٍخ نهىاحبد انجحشٌخ خالل  ركىٌ
فى ثٍئبد انصخشٌخ حٍث رشسجذ رهك انسحُبد انكشثىَبد صخشٌخ أسبسٍخ ركىٌ يُحذس  بدسحُ ذسوقذ رى انزعشف عهً 
حضاو انًُحذس األوسظ وٌشًم كزنك خهٍخ وحبفخ انًُحذس وانًُحذس انذاخهً وٌشًم يُبطق انًذ وانجضس وانجحٍشح انذا رزُىع ثٍٍ
رقذيب نهشصٍف انكشثىَبرً صىة انجحش يًب ٌعكس رزبثع انسحُبد ظهش وقذ أ .انًُحذس األوسظ انقشٌت وانًُحذس األوسظ انجعٍذ
 .   أثُبء انزشسٍت اَخفبضب فً يسزىي سطح انجحش
